After a brief introduction a concise summary of some of ATLAS experiment's stragies to search for dark matter is presented. Emphasis is given to searches in channels involving the Higgs boson.
Introduction
A non-baryonic dark matter (DM) component in the universe is commonly used to explain a range of astrophysical measurements (see, for example, Ref. 1 for a review). Since none of the known Standard Model (SM) particles are adequate DM candidates, new particle types have been hypothesized. Weakly interacting massive particles (WIMPs) are one such class of particle candidates that might be detectable by LHC experiments. They are expected to couple to SM particles through a generic weak interaction, which could be the weak interaction of the SM or a new type of interaction. Such a new particle could account for the correct relic density values for non-relativistic matter in the early universe 2 as measured by the Planck 3 and WMAP 4 satellites if its mass were between a few GeV and a TeV and if it had electroweak-scale interaction cross sections. Other new particle physics models such as Supersymmetry also predict WIMPs.
Since the discovery of a Higgs boson with a mass of approximately 125 GeV 5, 6 , the properties of this new particle have been studied extensively. All results obtained so far are consistent with the expectations of the long-sought SM Higgs boson. Sizeable deviations from the SM expectation cannot, however, be yet excluded; the total This is an Open Access article published by World Scientific Publishing Company. It is distributed under the terms of the Creative Commons Attribution 3.0 (CC-BY) License. Further distribution of this work is permitted, provided the original work is properly cited.
branching ratio of beyond-the-SM decays of the Higgs boson is only weakly constrained, and its value could be as high as ∼ 40%
7 . In the so-called Higgs-portal models 8 the Higgs boson can decay to a pair of WIMP dark-matter particles if the decay is kinematically allowed. Decays to WIMPS are generally "invisible" to detectors, because WIMPs interact so weakly. They do not deposit energy in the calorimeter, hence their production leads to signatures with missing transverse momentum ( p miss T ), the magnitude of which is called E miss T
. Collider data can be used to directly constrain the branching ratio of the Higgs boson to invisible particles. Similarly, limits can be placed on the cross section times branching ratio of any additional Higgs bosons decaying predominantly to invisible particles.
Invisible decays of a Higgs boson using vector-boson fusion
The ATLAS Collaboration searches for invisible decays of a Higgs boson produced via the vector-boson fusion (VBF) (see Ref. 9 and references therein) process as seen in Fig. 1 . In the SM, the process H → ZZ → 4ν is an invisible decay of the Higgs boson, but the branching fraction (BF) is 0.1% 10 , which is below the sensitivity of the search performed by ATLAS. The signature of the VBF process is two jets with a large separation in pseudorapidity and large E miss T . The observed data rate a is consistent with background estimates. Assuming the SM production cross section, acceptance and efficiency for invisible decays of a Higgs boson with a mass of 125 GeV, an upper bound is set on the BF(H → invisible) < 0.28 at the 95% confidence level (CL). The results are interpreted in the Higgs-portal darkmatter model where the 90% CL limit on the BF(H → invisible) leads to an upper bound on the DM-nucleon scattering cross section as a function of the dark-matter particle mass, which is presented Fig. 2 . These ATLAS limits are complementary to the results from direct dark-matter detection experiments. a Unless otherwise specified, all searches summarized in this paper were performed with a dataset corresponding to an integrated luminosity of 20.3 fb −1 of proton-proton collisions at √ s = 8 TeV, which were recorded by the ATLAS detector at the LHC 11 . The observed upper limit on σ V H × BR(H → inv.) varies from 1.6 pb at a Higgs mass of 115 GeV to 0.13 pb at 300 GeV. Assuming SM production and including the gg → H contribution as signal the results lead to an observed upper limit of 78% at the 95% CL on the branching ratio of a 125 GeV Higss boson to invisible particles.
Invisible decays of the Higgs in association with a Z Boson
The ATLAS Collaboration searches for evidence of invisible-particle decay modes of a Higgs boson produced in association with a Z boson (see Ref. No deviation from the SM expectation is observed. Assuming the SM rate for ZH production, an upper limit of 75% at the 95% CL is set on the branching ratio to invisible-particle decay modes of the Higgs boson at a mass of 125.5 GeV. The limit on BR(H → inv.) for the 125.5 GeV Higgs boson is also interpreted in terms of an upper limit on the DM-nucleon scattering cross section. Fig. 4 shows 90% CL upper limits on the DM-nucleon scattering cross section for three model variants in which a single DM candidate is either a scalar, a vector or a Majorana fermion. Spinindependent results from direct-search experiments are also shown. Direct search results do not depend on the assumptions of the Higgs-portal scenario. Within the constraints of a of a Higgs-portal scenario however, these ATLAS results provide the strongest available limits on low-mass DM candidates. There is no sensitivity to these models once the mass of the DM candidate exceeds half of the SM Higgs boson's mass.
Limits are set on an additional neutral Higgs boson with a mass between 100 GeV and 400 GeV that is produced in in association with a Z boson and decaying to invisible particles. Fig. 5 shows the 95% CL upper limits on σ ZH × BR(H → inv.) in the mass range 110 < m H < 400 GeV for the combined 7 and 8 TeV data. The expectation for a Higgs boson with a production cross section equal to that expected for a SM Higgs boson and BR(H → inv.) = 1 is also shown.
Dark matter in events with a monojet plus missing transverse energy
Events with an energetic jet and large missing transverse momentum in the final state constitute a clean and distinctive "monojet" signature in searches for new physics beyond the SM at colliders. ATLAS uses monojet-like signatures in the search for WIMPs (see Ref. 14 and references therein). Here, WIMPs are assumed to be produced in pairs, and events are identified via the presence of an energetic jet from initial-state radiation (ISR). The interaction of WIMPs with SM particles is described as a contact interaction using an effective field theory (EFT) approach, mediated by a new heavy particle or particles having a mass that is too large to be produced directly at the LHC (see Fig. 6(a) ). The validity of the effective field assumption depends on the momentum transfer of the process modeled, which should be below the energy scale of the underlying interactions. Besides the EFT operators, the pair production of WIMPs is investigated within a so-called simplified model, where a pair of WIMPs couples to a pair of quarks explicitly via a new Z vector boson mediator particle (see Fig. 6(b) ) .
Monojet plus E miss T candidates are selected by requiring at least one jet with transverse momentum p T > 120 GeV and no leptons. Nine signal regions are considered with increasing missing transverse momentum requirements between E miss T > 150 GeV and E miss T > 700 GeV. Good agreement is observed between the number of observed events and SM expectations. The results are presented as exclusion limits on pair production of weakly interacting dark matter candidates. Figure 7 shows the upper limits for the WIMP-nucleon scattering and WIMP annihilation cross sections. The result depends strongly on the EFT operator and the values for the couplings considered. The limits remain generally valid for WIMP masses up to O(100) GeV. 6. Dark matter in events with heavy quarks and missing transverse momentum ATLAS searches for dark matter pair production in association with bottom or top quarks (see Ref. 15 and references therein). Events with large missing transverse momentum are selected when produced in association with high-momentum jets, one or more of which are identified as jets containing b-quarks. The dominant Feynman diagrams for these processes are shown in Fig. 8 .
ATLAS
Candidate events with top quarks are selected by requiring a high jet multiplicity and in some cases a single lepton. To search for these processes, selection criteria are defined to reconstruct the various production and decay modes of these heavy-quark final states. The data are consistent with the SM expectations, allow limits to be set on the χ-nucleon cross-section. Fig. 9 show the corresponding 90% CL exclusion curves for the spin-independent (left) and spin-dependent (right) χ-nucleon crosssection for EFT operators as a function of m χ . The most stringent limits set by direct detection experiments are also shown. Limits are especially strong in the low-mass region.
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Summary, other searches and preliminary Run 2 prospects
An overview of the ATLAS experiment's DM searches is presented. None of the searches find deviations from the SM, and are presented as upper limits. Additional searches not described in this paper (Refs.: 16, 17, 18, 19, 20 and 21) find no deviations from the SM. The anticipated ATLAS sensitivity to DM channels with the full Run 2 data set can be found in Ref. 22. 
